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APPROVED BY MEMBERS OF THE THESIS COMMITTEE: 
 
Jo~son 
The Cowlitz Formatio~ in southern Columbia and 
Clatsop counties, northwest Oregon was studied in order 
to prepare a geologic map of parts of this formation and 
to determine the character of its lithofacies and the 
environments of deposition. 
Extensive field and laboratory studies show the 
sediments of the upper Cowlitz Formation were deposited 
near-shore in a wave-dominated environment in the Narizian. 
Abundance of carbonized organic remains, boulder con-
glornerates and rounded volcanic sandstones exhibiting 
i. 
high-angle planar cross-bedding associated with the Goble 
Volcanics, morphology and mode of occurrence of trace 
fossils, especially Thalassonides and presence of thick 
shelled pelecypods all indicate energetic, nearshore, 
shallow water deposition. Small scale channeling and 
discontinuous strata suggest wave-dominated conditions 
with storm surge deposits. Lack of clay in some sand-
stones and pal~ontologic interpretations by other workers 
verify an open marine environment. 
Parts of the Goble Volcanics in the area of study 
including Green Mountain and Rocky Point were volcanic 
islands in the Late Eocene. Major oxide chemistry 
suggests they were erupted in an orogenic (magmatic 
arc) environment while the Cowlitz Formation was deposited 
in the associated Fore-arc basin. 
Volcaniclastic rocks created by autobrecciation 
and marine fossils within these rocks show the Goble 
Volcanics ·are in part subaqueous. The presence of 
laterites also indicate subaeria~.eruption of the Goble 
Volcanics. High energy conglomerate and volcanic sand-
stone deposits aproning the volcanic centers further 
exemplify shallow water conditions. Ove.rlying subaerial 
lava flows show that a shoreline is represented by the 
volcaniclastic and conglomerate member of the Cowlitz 
Formation. 
2 
K-Ar dates ranging from 32~0 ± 0.3 M.Y. to 45.0 ± 
1.4 M.Y., occurrences of Goble-like rocks with Keasey-
age rocks and highly variable geochemistry show the Goble 
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Tertiary sedimentary rocks are exposed in northwest 
Oregon in a broad, northerly-plunging anticlinorium, the 
core of which is the Tillamook Volcanics. The nose of 
the anticlinorium is represented by the distribution of 
sediments in a convex-north pattern bordering the volcanics. 
Warren ano Norbisrath (1946) developed a geologic 
map of the area of interest which was preceded by their 
study in the same area in 1945. With the exception of 
the work by Van Atta (197l)r few modifications of their 
map have been made. With the discovery of the Mist gas 
field in 1979, a renewed econimic interest in northwest 
Oregon geology in both the public and private sectors 
emerged. The renewed interest in this area prompted the 
initiation of this project. 
The objectives of this study are: 
1. To produce a geologic map of T. 4 and 5 N., 
R. 5 W. 
2. To describe the lithofacies of the Cowlitz 
Formation. 
3. To describe the environment of deposition 
of the Cowlitz Formation. 
In this investigation, details of the stratigraphy, 
structure, paleontology, geochemistry of the volcanic 
rocks and petrography of both sediments and volcanics 
have been studied and the results combined to help describe 
these parameters. 
AREA OF STUDY 
Cowlitz and Goble rocks are exposed at the surface 
in T. 4 and 5 N. R. 5 w. Limited exposure of the rocks 
of interest forced investigations to be continued at 
various places outside of the map area. These locations 
include Highway 26 where it crosses Quartz Creek, Sec. 11, 
T. 4 N., R. 7 w., The Wolf Creek Quarry in the Sec. 6, T. 
3 N., R. 5 w. and Stanley Creek Road in the Sager Creek 
Quadrangle in Sections 28 and 21, T. 5 N., R. 6 W. (Plate 
I). The map area plus these other locations where data 
were collected will be collectively referred to as the 
study area (Fig. 1). This area includes parts of Columbia 
and Clatsop counties, N.W. Washington County and N.E. 
Tillamook County. 
Access in the study area is by logging roads. Since 
logging is the main source of revenue for the local 
population, the roads are well kept and during weekdays 
are heavily used. 
Relief and Drainage 
The sediments in the area are soft and easily eroded 
which resulted in a subdued topography. The relief in the 
2 
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Figure 1. Index map showing study area and 
its location in Oregon. 
3 
area is about 350 meters. The higher topographic points 
average 365 meters above sea level. The highest point is 
in volcanic rocks near Rocky Point, with an elevation of 
535 meters. 
The streams, except where flowing through volcanic 
terrain, have low gradients and are rather sluggish, 
especially during the dry season. This area is drained 
by the Nehalem River which flows north near Vernonia at an 
elevation of 182 meters. 
FIELD WORK 
Field studies began in mid-June, 1980 and were 
nearly cbmplete in mid-October, 1980. Outcrops are almost 
exclusively in stream beds, road cuts and quarries. Local 
logging activity has provided many roads where exposures 
are numerous. Consequently, this is where most of the 
field data were collected. 
In addition to the study of rocks in the field, side 
looking radar imagery (SLAR) on a scale of 1:250,000 and 
black and whit~ aerial photography on scales of 1:12,000 
4 
and 1:78,000 were used extensively. The (SLAR) helped to 
identify large scale structural features. The high-altitude 
aerial photography is particularly useful in identifying 
large landslides and faults in areas where little evidence 
would otherwise be noticed. It also aided in the planning 
of field work, identifying convenient routes and areas 
of inaccessibility by automobile. The low altitude 
photographs were primarily used for pinpointing 
field locations. 
5 
. ·GEOLOGIC HISTORY 
Western Oregon a_nd Washington was th~·.site of 
intermittent subduction during Eocene and Middle Miocene. 
Period~ of subduction were interrupted by intervals 
of right-lateral strike slip faulting in the Middle and 
Late Eocene and extension during ~ate Eocene to Middle 
Miocene. Snavely, P.D., Wagner, H.C., and Lander, D.L., 
(1980) . 
. Subduction, occurring near the location of the 
present Cascades ceased and was renewed westwarq at the 
present contiriental· sh~l~ of Oregon in Middle Eocene 
Snavely, et al (1980) developing a near-shore basin 
in which 7,000 meters of Cenozoic sediments accumulated 
and Late Eocene volcanism took place creating a series 
of oceanic islands. Snavely and MacLeod (1977), Hamilton 
( 1969), ( 1978), Dickinson ( 1976) and Davis ( 1978). The 
axis of this basin is the axis of the present Oregon 
Coast Range. The oceanic crust underlying this basin was 
accreted to the North American Continent as a result of 
the renewed subduction. Intermittent underthrusting 
caused uplift and produced a regional upper Eocene 
unconformity. 
Extension between the Pacific and North American 
plates was accompanied by subsidence of the marginal 
basin and uplift of the present Coast Range in Late 
Eocene. Sna.vely, et al (1980). Renewed plate conver-
gence took place in Middle and Late Miocene causing 
uplift of the inner shelf and an unconformity at the base 
of the Upper Miocene. 
7 
GENERAL STRATIGRAPHY OF THE NORTHWEST 
OREGON COAST RANGE 
Three distinct groups of rocks can be identified in 
northwest Oregon. The oldest group includes a Late 
Eocene sequence of basalt flow rocks, volcanic breccias, 
tuffs and minor fine grained sediments of the Tillamook 
Volcanics (Cameron 1980; Warren, Norbisrath and Grivetti, 
1945) and the basalts of the Siletz River Volcanics 
farther south. These volcanic rocks compose the core of 
the Oregon Coast Range south of Highway 26. 
The second group bordering the Tillamook Volcanics 
is a series of Eocene to Miocene marine sedimentary strata 
which includes the Cowlitz, Keasey, Pittsburg Bluff, 
Scappoose and Astoria formations in the upper Nehalem 
River Basin. The sequence of rocks of equivalent age in 
the Central Oregon Coast Range include the Nestucca, 
Keasey, Alsea, Yaquina, Nye and Astoria formations~ 
Figure 2 shows the time-stratigraphic relationships of 
these and other formations in northwest Oregon. Figure 3 
shows the time-stratigrahic and rock-stratigraphic nomen-
clature applied to Eocene th~ough Miocene rocks in south-
western Washington. 
The third group of rocks is the Columbia River 


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































flows overlie the marine sedimentary sequence in 
northwest Oregon. 
In the upper Nehalem River Basin, the Cowlitz 
Formation is the oldest in the sedimentary sequence. It 
consists of interbedded arkosic sandstones and siltstones 
that are locally associated with basaltic flow rocks and 
intrusives of the Goble Volcanics. It is overlain by 
tuffaceous concretionary fossilf errous mudrocks and minor 
lithic sandstones of the Keasey Formation. 
11 
The feldspathic-lithic shallow marine sandstones and 
siltstones of the Pittsburg Bluff Formation unconformably 
overlie the Keasey Formation. These rocks contain a rich 
fauna and the local lithology varies. 
The top of the Pittsburg Bluff Formation is dis-
sected by erosion in the form of channeling. Shallow 
water sediments of the Scappoose Formation were deposited 
on this erosional surface. Recent work by Kelty (1981) 
indicates these sediments consist of conglomerates, 
lithic-rich sandstones, siltstones and mudstones which in 
part were deposited concurrently with the nearby portions 
of the Columbia River Basalt Group. Erosional remnants of 
the Columbia River Basalt are found just north of Mist, 
Or~gon. The basalt thickens to the north and east. 
Abundance of iron-stained sediments, laterites and isolated 
landslide blocks of basalt show that the areal extent of 
the basalt was previously larger. 
STRUCTURE 
Warren and Norbisrath (1946) described the northern 
Oregon Coast Range as a north-plunging anticlinorium, the 
core of which is the Tillamook Volcanics. In the study 
area, the regional dip is to the northeast. The dips 
range from horizontal to as much as 35 degrees and 
average about 10 degrees. 
12 
SLAR and high altitude aerial photography was used 
in the field to aid in identifying fault locations. After 
verifying lineations in the field, it became apparent that 
numerous, previously unmapped faults were present. 
Extensive drilling in the Mist Gas Field also revealed a 
complicated fault pattern (Stinson, Newton, Seeling, 
personal communication, 1/29/81). 
The Pittsburg Bluff Formation is well exposed 
and is relatively resistant. As a result the structure of 
the rocks can be observed on the surface. Unfortunately, 
the Keasey and Cowlitz formations do not exhibit surface 
expression of faulting. The Keasey mudstones appear to 
deform plastically which obscures most features that 





the Cowlitz Formation, except where the volcanics are 
displaced, is probably obscured by landsliding. 
Two major faults were mapped ~n the study area. 
They .include the Rocky Point fault and the Buster Creek 
fault. The northwest-trending Rocky Point fault, pre-
viously mapped by Warren and Norbisrath (1946), Van Atta 
(1971) and Newton, (personal communication 1/29/81) 
is the only one of these struc~ures which has been 
previously documented. Parallel fractures in the bed of 
Rock Creek, horizontal slickensides found in a quarry on 
13 
the north flank of the .Rocky Point ridge and a conspicuous 
linament observable on aerial photographs all indicate 
the presence of this fault. 
A second large-scale fault herein called the 
Buster Creek fault, is an east-west trending ·feature and 
is visible on SLAR. It is located very near the section 
lines separating sections 17 and 18 from sections 19 and 
20 i.n T. · 4N., R. 6W. At this location, the fault dis-
placement is such that Cowlitz sandstones on the south 
side are juxtaposed to Pittsburg Bluff sandstones on the 
north. This feature extends at least 10 kilometers 
westward into the Sager Creek Quadrangle forming the 
linear valley of Buster Creek. At its eastern end, the 
vertical displacement on this fault is at least equivalent 
to the thickness of the Keasey Formation. Exposures of 
Keasey sedim~nts along the fault farther to the west 




GENERAL STRATIGRAPHIC RELATIONSHIPS 
The Cowlitz-Keasey contact just north of the Rocky 
Point fault (Plate I) shows that the lower portion of the 
Cowlitz Formation has been truncated by the fault and is 
concealed from direct observation. Consequently, the 
basal contact of the Cowlitz Formation in the study area 
cannot be described. 
Between Rocky Point and the Cowlitz-Keasey contact 
which lies due south, there are exposures of Cowlitz 
sandstone and siltstone yielding fairly consistent 
attitudes. An average southerly dip of 14 degrees 
between ~hese two points shows that approximately 580 
meters of upper Cowlitz sediment is present here. Nearly 
two-thirds of this upper portion is conc~aled by land-
sliding qnd lush vegetation, complicating field studies. 
The stratigraphic sections described and used in this 
study are named A, C and G (Fig. 4, 5, 6 and Plate 
I). Their locations, shown on Plate I are: 
A. 3.2 kilometers southwest of Rocky Point in 
the s.w. corner of Section 20. 
c. 0.8 kilometers east of Rocky Point. 
G. On the west bank of Quartz Creek on the 
north side of Highway 26. 
These sediments consist of low angle cross-laminated 
sandstones that are interbedded with discontinuous laminated 
1 
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· · ...,· ·' direction of N. 50 E. - .. 
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Figure 5. Columnar section of Section C on 
Rocky Point Mainline, Sec. 15, T. 4 N., R. 
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Interfintering volcanic sandstone and 
f arkosic siltstone, siltstones are 
laminated and burrowed, volcanic sands 
are calcite-cemented and structureless 
Arkosic lithic arenite, occasional 
E planar lamination, shell fragments and 
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.::::: · ·"' · · · · · n Calcite-cemented volcanic sandstone 
10 
5 
Fine grained arkosic sand~tone with 
discontinuous muc lavers 
Medium grained lithic-rich arkostc 
sandstone with thin sill of glassy basalt, 
planar cross-bedding, graded bedding, 
calcite cement, carbonized plants 
Basalt cobble conglomerate grading into 
1 
coarse volcanic sandstone, intercalated 
with basalt below and lith1c•r1ch arkosic 
sandstone above 
Porphyritic basalt with phenocrysts of 
labradorite and augite in glassy ground 
QJ v ,_ l. ,. I mass, thickness unknown I 
Figure 6. Columnar section of Section G on Highway 26, Sec. 11, 
T. 4N., R. 7W. and explaination. for figures 4,5 and 6. 
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and bioturbated siltstones with sandstones predominating. 
Occasional thin (< 1 cm.) discontinuous beds of dark gray 
mudstone can be found within siltstone beds. Volcanic 
sandstones and conglomerates associated with the Goble 
Volcanics interfinger locally with the siltstones and 
sandstones. 
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The Goble Volcanics member interfingers locally and, 
according to well logs, (Appendix A) occurs at different 
stratigraphic levels within the Cowlitz Formation. In the 
area of study, the Goble Volcanics are composed almost 
entirely of basaltic flow rocks, volcaniclastics and a few 
hypabyssal intrusions. Flow rocks are exposed at Rocky 
Point, Wolf Creek, the Columbia County Quarry and near 
the summit of Green Mountain where a laterite 0.6 meter 
thick shows that these flows are subaerial. Intrusions 
are present at the Quartz Creek locality and 2.4 kilo-
meters southwest of Rocky Point near Clear Creek Road in 
Sec. 28, T. 4 N., R. 5 W .• Volcaniclastics are present at 
all of these localities. Burr (1978) reports Goble 
Volcanics of basaltic andesite composition further to the 
northeast. 
The contact between the Cowlitz Formation and the 
overlying Keasey Formation crops out in only one place in 
the map area. It is included in Section A (Fig. 4). 
The contact is gradational over a thickness of 40 meters, 
grading from the fine grained arkosic sandstone of the 
upper Cowlitz to glauconi~ic and tuffaceous mudstones and 
siltstones of the lower Keasey Formation. ~n the field, 
this contact appears to be conformable. However, seismic 
reflection data (Seeling, personal communication, 1/29/81) 
offers strong evidence supporting the presence of an 
angulai unconformity between these two formation~ in the 
subsurface near the town of Mtst, 16 kilometers north of 
Keasey. 
Newton (1979) presented a sub-surface correlation 
of the Texaco C & W No. 6-1 and the Reichhold Columbia 
County No. 1 wells near.the to~n of Mist, Oregon (Fig. 
7). In this diagram, the sediments in·the Tillamook 
Volcanics are shown to be equivalent in age ~Narizian) to 
the Cowlitz Formation and are referred to as Cowlitz. 
Also, the Cowlitz-Keasey contact is shown above the 1000 
meters of silty ~nd muddy sediments overlying the "Upper 
Cowl'i tz Sands". The silts.tones and mud stones of -the 
Cowlitz and Keasey formations are indistinguishable in 
20 
the field. Therefore, in this study, the contact was 
mapped at the uppermost sandstone of the Cowlitz Formation. 
The location of this contact does not coincide in all 
places with the contact defined by Warren and Norbisrath 
(1946) which ·is based upon paleontology and not lithology. 
Since the base of the Cowlitz Formation is not defined 
1 
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we ls in the Mist Gas 
correlation chart of two 




and the top has a different stratigraphic position in 
well logs than in this study, it is not possible to state 
its total thickness. Using the correlation by Newton 
(1979) (Fig. 7), the Cowlitz Formation has a minumum 
thickness of 1370 meters near Mist. 
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LITHOFACIES 
Van Atta (1971) presented an extensive study of the 
petrology of the Tertiary sediments of the Upper Nehalem 
River Basin in northwest Oregon. He described the sand-
stones of the Cowlitz Formation as micaceous arkoses that 
are angular to sub-angular, moderately sorted, immature to 
submature with an average median grain size of 0.41 
millimeter to 0.064 millimeter or medium to very fine-
grained. Presence of blue-green hornblend, hypersthene 
and metamorphic and granitic rock fragments show the 
sediments were derived from the ancestral Columbia River 
drainage system (Van Atta 1971). Because of the thorough-
ness of Van Atta's work, limited petrologic investigations 
were performed on the Cowlitz sediments. Point counts 
were performed on six arkosic sands, four from the Rocky 
Point area and two from th~ Quartz Creek area for com-
pari sion with Van Atta's results. The four samples in the 
Rocky Point area (dotted samples) are grouped tightly in 
the ternary diagram (Fig. 8). These results show a lower 
quartz content than the average sand evaluated by Van 
Atta. The samples from the Quartz Creek area have a 
relatively high percentage of volcanic rock fragments. 
Their close association with a volcanic center is 
responsible for this higher percentage. 
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FELDSPAR ROCK FRAG. 
Figure 8. Cowlitz Sandstone classification 
0 Van Atta, 6 present work (After Folk (1968). 
I 
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Individual sand beds attaining thicknesses as great 
as 12 meters are commonly interbedded with siltstones. 
section c (Fig. 5) shows the typical lithologic associ-
ation of sand and silt one finds in the field. Beds of 
friable laminated sandstone of varying thickness alternate 
with bioturbated siltstone and laminated sandy siltstone. 
The lower part of Section C (units A, B, C) is 
dominated by the thick carbonaceous silty sandstone 
interval which is burrowed and cross-bedded and contains a 
few calcite-cemented concretions. The lenses of carbon-
rich sediment are discontinuous, averaging 3 to 5 meters 
in length and l to 10 centimeters in thickness. They also 
have a high mica content (up to 50%) and are finely 
laminated. The sandstone within this interval is cross-
bedded with trough-sets having wavelengths of 1 to 1.5 
meters. 
The upper portion of Section C (units E-J, Fig. 5) 
is characterized by more thinly bedded s~ltstone and 
sandstone, a hig~er clay content and is more resistant, 
forming a cliff. Visual inspection reveals carbonized 
plant debris is present but is not as abundant as in the 
lower part of the section (units A-D). Cross-bedding is 
of the same style and shows a bi-directional paleo-current 
direction of N. 30°E. - s. 3oow. This is consistent 
with a measurement of N. sooE. - s. soow. taken in 
the lower portion of the section (Plate I). 
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The siltstones of Section C all have a higher 
carbon content than the sands and have evidence of 
bioturbation in the form of mottled bedding or distinct 
burrows or both. The individual beds are laterally 
discontinuous, tapering gradually into the sandstones. 
In addition to these lateral transitions, vertical 
changes in lithology or texture are also gradational 
except at the base of a channel where the change is 
abrupt. 
Three channels were discovered and examined in the 
map area. One, located 0.8 kilometer south of Keasey is 
exposed in a road cut on the Rocky Point Main Line. It 
measures 9 meters in width and is approximately 0.3 meter 
thick at its center. Its lower contact is abrupt with 
the underlying sandstone. Dark brown, rounded and finely 
laminated (< 1 mm) pure claystone pebbles up to 25 
centimeters in diameter are concentrated in the channel 
base along with carbonized plant debris. Trough-set 
cross-bedding, similar to that found in Section C and the 
trend of the channel axis shows a bi-directional paleo-
current direction of N. 4oow - s. 4QOE. (Plate I). 
A second channel, located in Section C shows the 
same general characteristics as the one just south of 
Keasey. The concentration of coarse material at the base 
of the channel, consists of rounded mudstone pebbles, 
26 
i 
carbonized plant material and a shark's tooth. The 
chann~l is 4 meters wide and 6 centimeters thick and lies 
at the base of the previously mentioned carbonaceous 
interval. 
The third channel, of which only a part is exposed, 
is also located in Section C, 10 meters stratigraphically 
above the channel just described. A very coarse calcite 
cemented volcanic sandstone bed (unit D) lies at the base 
of this channel in abrupt contact with underlying carbon-
aceous silts. The bed can be traced for 27 meters and 
thins from 1.4 meters at the center of the channel to 0.3 
meter near its edge. Overlying the volcanic sandstone 
J 
bed in the center of the channel is 25 centimeters of 
coaly material which burns when heated. The channel axis 
trend and cross-bedding indicate a bi-directional paleo-
current direction of N. sooE. s. soow. (Plate I). 
Further to the west, 1.6 kilometers southwest of 
Buster Camp on Buster Creek Road, the Cowlitz sandstone 
has very different sedimentary structure than that in the 
map area. Here, 3 meters of rhythmically laminated 
silty. sandstone with climbing ripples is exposed. The 
individual lamina have a very consistent thickness of 2 
centimeters. The climbing ripples contained within 
each lamina have wavelengths of 3 to 5 millimeters and 
are less than 0.5 millimeter apart. The climbing ripples 
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yield a uni-directional paleocurrent direction of N. 
3oow. (Plate I). This type of sedimentary structure is 
indicative of a lower energy flow regime than sediments 
observed further east in the map area. 
Sandstone Diagenesis 
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Feldspar grains in sandstones from sections A, C and 
G (Plate I) typically exhibit corroded boundaries. 
Figures 9A and 9B are photomicrographs of arkosic sand-
stones from section G. The highly birefringent material 
in figure 9A is calcite cement. The corrosion of the 
large feldspar grain (top center) is obvious. There is 
also a small feldspar grain in extinction "floating" in 
the calcite cement near the center of the photograph. The 
uncemented sandstone of figure 9B exhibits similar corrosion 
boundaries, particularly the large grain just below the 
center of the photograph. Void spaces in this sample are 
large and sand grains are not well supported by their 
neighbors. 
Scanning electron microscopy (S.E.M.) was performed 
on grain mounts of Cowlitz sandstone from sections A and c 
(Fig. 10). The corrosion which has taken place on these 
grains is obvious. In figure lOA, the etching has followed 
crystalloqraphic planes and emphasized polysynthetic 




Presence or absence of organic material can have a 
profound effect on the diagenesis of sediments. Thermo-
roaturation of organic debris in the sediment lowers the 
pH of pore fluids and dissolution of calcite can take 
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place creating secondary porosity (Schmidt & McDonald 1979). 
This process is termed. mesogenetic decarbonization. The 
only sediments in the study area which are calcite-cemented 
include concretions, the volcanic sandstones and unit F 
in section G (Fig. 6). These deposits do not contain 




The type.section of the Goble Volcanics, originally 
named and measured qy Wilkinson, et al (1946) lies 45 
kilometers north- of Portland near the town of Goble·, 
Oregon. The type .section consists of at least 1500 
meters of dominantly subaerial flows ranging in compo-
sition from basalt to andesite. Extensive exp~sures of 
Goble Volcanics are also located to the east in southwest 
Wasnington. The age of the Goble Volcanics in southwest 
. I 
Washington and near Goble is based on pale~~tology from 
the interfingering Cowlitz sediments and·K-Ar dates and 
ranges from 45.0 + 1.4 M.Y. to 32.2 + 0.3 M.Y. Beck and 
Burr ( 19 7.9 ) . 
Part of the Goble Volcanics is exposed along the 
northwest trending ridge of the Rocky Point fault (Plate 
I). Here,. the tholeiitic basalts are in the norm of 
subaqueous flows in the lower elevations of the stu?y 
area and subaerial flows in the higher elevations. zones 
of intense hydro-thermal alteration, sulphide mineral-
ization and brecciated zones up to two meters thick· are 
present at subaqueous flow margi~s, as a result of their 
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contact with water during eruption. In some cases, fossil-
ferrous conglomerates and volcanic sandstones lie betw~en 
flows. A good example of this can be observed in the 
Columbia Co~nty Quarry (Plate I) where two flows are 
exposed. The lower flow is 3 meters thick and the 
upper flow 6 meters thick. Between them and overlying 
I 
i ' the upper flow are unsorted fossilferrous conglomerates. 
~ 
l 
These conglomerates are both cemented with calcite and 
zeol i tes. Pyri t·e, borni te, quartz and arsenopyri te are 
concentrated in veins·and fractures. Clasts are well 
rounded indicating fairly high energy conditions. Both 
conglomerates vary in thickness but average 1 meter. 
Sub-aerial flows are exposed 4.8 kilometers WNW of 
Rocky Point on the section line center of sections 7 and 8 
and 4 kilometers further northwest near the top of Green 
Mountain. Both locations have well-developed laterites. 
The basalt flow rocks in the Rocky Point area and at 
Wolf Creek (Plate I) have similar petrographic composition. 
They are commonly porphyritic with phenocrysts of Labra-
dorite (An 58~65) and augite in a ground mass of flow-
oriented plagioclase, pigonite, au~ite magnetite. and some 
gla~s in the finer grained rocks which has altered to 
palagonite. 
Some flows have distinctive texture making corre-
lations with other basalt outcrops possible. The Columbia 
Coun~y Quarry is a case in.point .. The petrography of a flow 
here is identical to that of a flow nearly 6.4 kilometers to 
the northwest. Both roqks are prophyritic with phenocrysts 
of euhedral augite, labradorite and subhedral ·olivine which 
33 
has partially altered to serpentine and iddingsite (Fig. 11). 
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These phenocrysts are set in a ground mass of flow-oriented 
plagioclase and pyroxene. One phenocryst of olivine, 
measured in a hand specimen, is 11 x 15 millimeters. No 
other rocks with these· characteristics were found in the 
study area. The correlation of these two flows shows the 
Columbia County Quarry is most likely a slide block which 
was once attached to the main body of the Rocky Point 
basalt pile. 
The intrusion near Clear Creek, 2.4 kilometers 
southwest of Rocky Point in section 28, entered wet 
sediments. Incl~sions of silicified sediment are in the 
basalt near the margins of the body and it is here that 
brecciation and alteration of the basalt and sediments is 
most severe. The rock is glomeroporphyritic with the 
same minerals as other Goble rocks. Alteration, in the 
form of dissolution and replacement with calcite and 
alteration to clays in the form of chlorites and caladonite 
is in an advanced state (Fig. 12). 
The basalt bodies located on Highway 26 where it 
crosses Quartz Creek appear to be part of the same intrusion 
and separated by a fault. They both have petrography 
similar to other Goble rocks described with phenocrysts of 
labradorite and augite in a fine grained gound mass. 
A large exposure of this intrusion is located 100 














horizontal columnar jointing can be observed. Beneath the 
bridge in the canyon, hydrothermal alteration and sulphide 
mineralization have taken place. 
GEOCHEMISTRY 
The need for geochemical data was realized in the 
field when confronted with the combination of structural 
complexity, heavy ·vegetation cover and basalt hand 
specimens with similar appearance. Geochemical methods 
were not used to attempt to resolve the detailed basalt 
stratigraphy in the area of interest. Only attempts to 
classify an unknown rock within the Goble group and 
comparison of the Goble Volcanics with the Columbia River 
Basalt Group and the Tillamook Volcanics were made. This 
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enabled the author to discover similarities and differences 
in the geochemical data, making it possible to analyze an 
unknown rock from the general vicinity of the study area 
and place it in or exclude it from one of these three rock 
groups. 
Goble basalt samples were collected from the 
Rocky Point area, Wolf Creek, Quartz Creek and the 
Columbia County Quarry for geochemical analysis and 
petrographic study {Plate I). Also, two Goble analyses 







l J ..., 
localities for these two analyses are Goble, Oregon 
and the Trojan nuclear site. 
Major oxide analysis of basalt samples was performed 
by Dr. Peter Hooper at the University of Washington, 
Department of Earth Sciences. Potassium Argon dating was 
performed by Rodger E. Denison, Consulting Geologist, 
Dallas, Texas. Trace element geochemistry using instru-
mental neutron activation analysis (INAA) was performed by 
the author. Those samples intended for radiometric dating 
and major oxide analysis were sent directly to Rodger 
Denison and Dr. Peter Hooper respectively. Powdered 
samples were used for trace element geochemistry. 
INAA Methods 
INAA samples were prepared by first breaking the 
rock with a sledge hammer and selecting only unweathered 
chips. The chips were then pounded with a high carbon 
steel pestle in a crucible made of the same material and 
the powder sieved through an 80 mesh sieve. When 16g of 
material was obtained, it was then split to procure 
approximately lg of material and placed in a clean 
ployethelene vial for irradiation. 
Irradiation was performed at the Reed College 
nuclear reactor, Portland, Oregon. The samples were 













n/cm2 sec. A Princton Gamma-Tech Ge(Li) detector was 
used to count the gamma ray emissions approximately six 
days after irradiation. A Tracor Northern Multi-Channel 
Analyzer System and a Honeywell 66/20 computer were used 
for analysis of gamma ray spectra and concentration 
calculations. 
Major oxide concentrations were first reviewed in 
order to identify samples which had been substantially 
weathered. Particular attention was paid to easily 
leached elements including Na, Mg, K, and Si. Graphs 
were prepared a_s a process in searching for trends and 
differences in the chemistry of rocks tested. These 
graphs include plots of P205 vs. K20 (Fig. 13), Cao 
vs. K20 (Fig. 14), P205 vs. Ti02 (Fig. 15) and 
P205 vs. Na20 + K20 (Fig. 16). 
A comparative method using BCR-1, (Flanagan 1976), 
and ARCH0-1 (Addition and Seil 1979) as standards was 
used in trace element concentrations (Table I}. The 
concentrations obtained were then normalized relative to 
BCR-1. Semi-log graphs were prepared comparing the 
normalized concentrations of the elements analyzed for 
purposes of separating and identifying any groups or 
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Figure 13. Comparison of weight percent 
KzO and P2o5 of Columbia River Basalt (()), 
Tillamook Volcanics (0) and Goble Vol-

































.-3 .5 .7 .9 1.1 
Wt.% f; 05 
Figure 14. Comparison of weight percent 
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Figure 15. Comparison of weight percent 
TiOz and P20 5 of Columbia River Basalt (()), 
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Figure 16. Comparison of weight percent 
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Major Oxide Chemistry Results 
There is a wide range of chemical variability in 
- the Goble Volcanics even over short distances and between 
flows. Even with these variations in chemistry, they are 
still clearly distinct from the Columbia River Basalts 
and the Tillamook Volcanics samples {Figs. 13, 14, 15, 
16) • 
Goble rocks characteristically show a high P205 
concentration relative to Columbia River Basalt and 
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Tillamook Volcanics. Sample 9-4-4, from Rocky Point has a 
relatively high Ti02 and K20 content, setting it apart 
in the graphs using these oxides. Sample 9-4-3, also from 
Rocky Point has a low Al203 value and a high Ti02 
concentration affecting the diagrams in a similar manner. 
Apart from the above-mentioned anomalies, Goble Rocks 
from Rocky Point, Wolf Creek and the Columbia County 
Quarry· plot in a group on the oxide graphs. Particularly 
noteworthy are samples 9-4-1 and 9-4-2 {Plate I). These 
two samples are chemic~lly indistinguishable and are 
probably of the same flow. 
Samples 10-18-1 and 10-18-8 {Quartz Creek) do not 
show a close chemical relationship with the other Goble 
samples. Sample No. 10-18-8 is relatively fresh and 
produced results which would be more reliable than 
5,0. 
10-18-1. The two sample localities are separated by a 
large fault and it is uncertain whether they are part of 
the same rock body. In any case, a fresh ~naltered 
sample could not be obtained at the 10-18-1 locale and 
the results for this rock are less reliable. Sample 
10-18-8 is intrusive and compared to the other Goble 
rocks is depleted in Na20, K20, P205 and Ti02. 
Hydrothermal alteration was noted in this intrusion 
and could be responsible for the depletion. 
Sample 9-6-8 is also an intrusive rock. Petro-
graphic analysis shows intense dissolution and repla9e-
ment of large portions of this rock. Some augite pheno-
crysts have undergone secondary replacement. First, 
complete replacement of augite with chloritic mica took 
place. This was followed by partial replacement of 
chlorite with calcite. Plagioclase crystals, once 
euhedral, have been corroded around the edges and par-
tially replaced with chloritic micas (see Fig. 12). The 
high values ·of Cao and Al203 can be accounted for by 
this type of alteration. Depletion of Ti02, Feo*, 
MgO, K20, Na20 and P205 has probably been caused 
by dissolution. 
Neutron Activation Analysis (NAA) 
In plotting of the trace element concentrations 
FeO* - Recalculated as total FeO. 
determined with INAA, the elements which show significant 
results are La, Ce, Sm, Eu, Yb, and Lu. 
In Figures 17, 18 19 20, the three Rocky Point 
basalt samples and the Wolf Creek specimen plot closely 
together and form a distinct group as do the two Tillamook 
samples, showing a distinct separation of these two rock 
types. Sample 9-6-8 shows strong depletion in the elements 
analyzed due to alteration. The two samples from Quartz 
Creek do not show consistent trends. However, sample 
10-18-8 is comparable to the Goble Volcanics plot for La, 
Ce, Sm and Lu. 
VOLCANIC SANDSTONE AND CONGLOMERATE LITHOFACIES 
Flanking Goble rocks and interbedded with Cowlitz 
sediments are wedge-shaped deposits of basalt conglomerates 
and volcanic sandstones. The best examples of these 
deposits are located on Stanley Creek Road on Green 
Mountain and at Section G at Quartz Creek. (Figs. 21, 22 
and Plate I). Resting on the basalt of Section G is a 
3 meter thick stratified sequence of poorly sorted very 
coarse volcanic sandstone and basalt pebble and cobble 
conglomerate. Most of the clasts in both the conglomerate 
and the sandstone are rounded but some are angular. The 
largest clast observed is 15 centimeters in diameter. 
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to coarse grained volcanic sandstone exhibiting graded 
bedding and thin bed~ of (< 15 centimeter) planar cross 
laminations yielding a uni-directional paleocurrent 
direction of N.35W. This sandstone contains large-(1.5 x 
1 cm) carbonized plant fragments. 
Overlying the volcanic sandstone on an undulose 
contact with loading deformation is a thick section of 
arkosic sandstone of which the lower portion is laminated 
and contains thin (25 cm) mud layers. The sedimentary 
structure in the upper portion is obscured by limenite 
stain. One thin (1.5 m) volcanic sandstone layer lies 
near the center of this arkosic unit. Interf ingering 
with the arkosic sands from the west is another carbonate 
cemented volcanic sandstone. Calcite has filled voids in 
volcanic rock fragments and relict texture is all that is 
observable in thin section (Fig. 23). 
The typical sedimentary sequence at Stanley Creek 
Road (Plate I) is illustrated by large basalt blocks and 
unsorted boulder and cobble conglomerate containing 
mollusk shell fragments in contact with Goble flow rocks. 
As one moves vertically through the· stratigraphic section 
away from the volcanic center, the conglomerate grades 
into coarse, well-sorted volcanic sandstone. Further 
progression through the stratigraphic column reveals the 
increased quantities of arkosic sediment mixed with the 
volcanic sediment. 
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The composition of the volcanic sandstones is 
nearly identical to that of the conglomerates. They 
consist of rounded basalt fragments of varying igneous 
textures which are altered and partially replaced by 
calcite cement. In contrast to the conglomerates, they 
are not fossilferrous. 
Thin sections were prepared of eight randomly 
selected conglomerate cobbles from the C~lumbia County 
Quarry and eight volcanic sandstone samples. The 
alteration of identifiable basalt clasts in both the 
conglomerate and the sandstone is the same. Most clasts 
are so badly altered to clay minerals and replaced by 
calcite that only relict vesicles or pseudomorphs after 
plagioclas~ can be identified (Fig. 23). The fragments 
and cobbles that can be identified are all basalt with 
flow oriented plagioclase pyroxene and glass. Three 
clasts which were not excessively altered yielded reliable 
An contents of An 57-58. 
Qow far beds of basaltic sand extend into arkosic 
sediment away from volcanic centers is uncertain. Part 
of one bed at Section G (Fig. 6, unit G) was traced 400 
meters. Another bed, 1 meter thick is located at Section 
C (Fig. 5, unit D), 0.8 kilometer from the nearest 
basalt outcrop, showing it extends at least this far. 
Similarities between Section G and the Stanley Creek 




Sixteen dark gray mudstone and siltstone samples 
were collected for evaluation of micro-fossil content. 
All of them were barren. The only macro-fossils found 
by the author include Acila, Terebratalia, bryzoa and 
thick-shelled pelecypod fragments. Rounded bryzoan and 
pelecypod fragments were found in thin section and in 
hand sample in the conglomerates at the Columbia County 
Quarry indicating high energy transport. Terebratalia, 
reported by Van Atta (1971) was found in pebble conglom-
erates and volcanic breccias at the Wolf Creek Quarry. 
The only other fossil found (other than trace 
fossils or carbonized plant debris) was a shark's tooth. 
It was found in a small channel preserved in Section c. 
The tooth itself is well preserved, possessing both 
lateral denticles and still having sharp lateral edges 
(Fig. 24). Comparison with illustrations from Welton 
(1972) indicates this tooth is from the genus Odontaspis. 
The abundance of this genus in the Late Eocene is exem-
plified by large numbers (nearly 2000) of Odontaspis 
macrota teeth collected from the Spencer Formation 
(Chamberlain 1978). The wide variability of tooth morph-
ology within species makes it difficult to identify a 




Along Clear Creek, a clean arkosic sandstone contains 
numerous burrows averaging 1 centimeter in diameter and 
varying in length within relatively undisturbed bedding. 
Section C (Fig. 3, unit E) also has this type of bedding, 
yielding the domicile Thalassinoides (Chamberlain 1978) 
(Fig. 25A). There are also silt layers which are highly 
mottled, contain abundant organic remains, and have 
disrupted bedding in this section. Other burrows found in 
unit I in Section A (Fig. 4, 25B) are associated with 
mottled, disturbed bedding. They are cemented by limonite 
and are well preserved. Unfortunately, identification of 






In the Narizian, the upper Cowlitz sediments were 
deposited near-shore in a wave dominated energetic open 
marine environment. A marine transgression (McKeel 
1980) resulted in the formation of sheet sand deposits, 
i.e., the informally named Clark and Wilson sand. 
Discordant lenses and cross-lamination, low angle 
and undulatory even lamination and discontinuous mud and 
silt layers are present in the Rocky Point and Quartz 
Creek areas (Plate I). This type of deposit indicating 
rapidly fluctuating sedimentary conditions is typical of 
a wave dominated environment ~nd is referred to as 
lenticular beds by Reading (1978). Storm surge ebb 
currents are in part responsible for the lenticular 
beds. Thes~ currents form small-scale channeling and 
disrupt the strata leaving discontinuous beds. They 
also develop trough-set cross-bedding and commonly. 
deposit significant amounts of land-derived organic 
debris (Reading 1978). The channels of units A and 
D in section C (Fig. 5) and the channel described south 
of Keasey on the Rocky Point Main Line were caused by 
storm surge ebb currents. All three of these channels 
are small (4 to 27 meters in width), contain abundant 
carbonized plant debris, have discontinuous mud and silt 
layers and trough-set cross-bedded strata. 
l 
I 
Electric logs from petroleum exploration wells 
(Appendix A) show the Clark and Wilson sand unit of the 
Cowlitz Formation has a consistent thickness of 1800 
meters to 2100 meters near Mist, Oregon indicating it is 
a sheet sand. The origin of this sand unit has been the 
subject of a number of studies. Bruer (1980) proposed a 
large channel, similar to the present Strait of Juan de 
Fuca which he named the Nehalem Gorge (Fig. 26). In 
this study he described high energy currents surging 
through this channel between the open ocean to the west 
and the restricted Willamette Sea to the southeast 
depositing the Clark and Wilson sand in the Narizian. 
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McKeel (1980) conducted a paleontological study on 
the Texaco Cooper Mountain No. 1 well in the western 
Willamette Valley. Ile concludes the Narizian environment 
·was open marine and nearshore and identifies two trans-
gressions in the Lower Narizian. These marine trans-
gressions would have also resulted in the transgression 
of nearshore sand deposits such as those described in 
the study area and may be responsible for the formation 
of the Clark and Wilson sand deposit. 
Another mechanism which can form sheet sand 
deposits is the processes of laterally merging channels. 
Fluvial channels form sand bodies perpendicular to the 































































































































































































































































































































' ~ 1959). It is ~lso possible that this type o~ sedimen-
tation is responsible for the sand deposits observed in 
.the Rocky1 Point area. 
The Cowlitz siltstones represent periods of low 
energy or areas of slow sedimentation or areas farther 
.offshore than their contemporaneous sand deposits. 
The finer grained character of Cowlitz sediments in the 
western portions of the study area would s~ggest they 
represent areas further offshore, especially since they 
contain l~ss organic debris than those sediments to ihe 
east in the Rocky Point area.· The ripple~drift cross 
lamination also indicates a lower aggradation. rate and 
lower velocity current (Jopling and Walker 1968) than 
in the sediments further east. 
Different interpretations of the paleontology of 
the Cowlitz Formation have been proposed by previous 
workers. Warren and Norbisrath (1946) prposed a 
shallow marine to brackish water environment south of 
the study area. McKeel ( 1980 )· proposed an open marine, 
upper bathyl environment in the present Willamette 
Valley. 
The trace fossils encountered in the Cowlitz 
sediments consist of burrows which served as domiciles 
(Fig. 25). Frey (1975) desc~ibed relation of trace 
fossil assemblages to energy condit~ons. Low energy 
~---
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environments will produce a fine grained rock with a 
highly mottled texture, few taxanomically identifiable 
traces and very little observable bedding. A higher 
energy environment with rapid deposition will yield 
rocks consisting of clean sands, absence of mottled 
texture, numerous identifiable traces and observable 
bedding. In general, with increasing energy, one 
encounters increasing grain size, decrease in organic 
material, fine-grained matrix and mottled texture and 
greater distinctiveness of individual traces. 
The Cowlitz Formation contains both high and low 
energy trace fossil assemblages. The bioturbated zones 
in Section c (unit B, F, I, Fig. 5) are fine grained, 
highly mot~led and individual traces are not distinctive. 
These zones are low energy assemblages. In contrast, 
unit E in Section C (Fig. 5) and the burrows described on 
Clear Creek Road south of Rocky Point are contained in 
coarser grained sediment and individual traces are very 
distinctive. These represent high energy assemblages. 
The one identifiable trace fossil (Thalassinoides) in 
Section C is typical of an open marine infralittoral or 
upper shelf environment. 
The Goble Volcanics at Rocky Point, Wolf Creek 
and Green Mountain were volcanic islands in the Late 
Eocene. Major oxide chemistry suggests they were 
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~erupted in an orogenic (magmatic arc) environment rather 
than an oceanic setting. Beck and Burr.(1979). K-A~ 
dates ranging from 32.2 + 0.3 M.Y. to 45.0 + 1~4 M.Y. 
(Beck and Burr 1979), occurrences of Goble-like·rocks in 
Keasey~age sediments (Van Atta 1971) and highly .variable 
geochemistry show the Goble Volcanics ~ccupy a long 
geologic time .span and should-be subdivided. 
Volcaniclastic rocks cr~ated by autobrecciation 
and marine fossil fragments show the Goble Volcanic~ 
are in part subaqueous. The presence of laterites also 
indicate subaerial erution of the Goble Volcanics. 
High energy conglo~eiate and volcanic sandstone deposits 
aproning the volcanic centers exemplify shallow water 
conditions. Sediments. inte.rf inger1ng with· these 
volcanic deposits would also have to have been laid 
down· in relatively· shallow water. i;rhe overlying sub-
aerial lava.flows show that a shoreline ~s repiesented 
in the volcaniclastic and conglomerate member of the· 
Cowlitz Formation.· Section G on Highway 26 and ~he 
outcrop on Stanley Creek Roa.a (Figs. 21, 22, Plate I) 
show this relationship clearly_. These two outcrops 
represent the f aGi~s change b~tw~en a volcanic ~enter 
and Cowlitz sediments near the shoreline. The close 
association of high energy conglomerates and ·1ower . 
energy Cowlitz sandstone and siltstones, large size of 
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plant fragments along with the general stratigraphic 
relationships support the shoreline hypothesis. 
Conglomerates and volcanic sandstones associated 
with Goble rocks are also present at the Wolf Creek 
locality, the Columbia County Quarry, 400 meters south 
of Rocky Point in Sec. 22, T. 4 N., R. 5 W. and at 
Section C (Fig 5, unit E) east of Rocky Point (See 
Plate I). However, limited exposure curtailed detailed 
descriptions of the stratigraphy of these deposits 
relationship with the volcanics. Continued field 
investigation north of the Quartz Creek locality (Plate 
I) would further clarify the origin and distribution of 
these volcanic conglomerates and sandstones. 
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GEOCHEMICAL FINDINGS 
The ages of the basalt from Wolf Creek and Rocky 
Point suggest they were erupted at nearly the same time 
in the Late Eocene and their trace element geochemistry 
is almost identical. Their major oxide analysis is 
also very similar. Clearly, these rocks are part of 
the same eruptive sequence and are probably a continuous 
unit. 
The Goble Volcanics flow rocks within the study 
area can be identified and separated from the Tillamook 
Volcanics and Columbia River Basalt on the basis of 
geochemical data. The basalts at Quartz Creek are 
probably Goble since they are associated with Cowlitz 
sediments. However, their inconsistent chemical 
properties do not make this a certainty. 
The intrusion near Clear Creek (sample locality 
9-6-8) has undergone so much hydrothermal alteration, 
(apparently a result of intruding wet sediments) that 
reliable geochemical data could not be obtained. Its 
close proximity to Rocky Point suggests it is cogenic 
with the volcanics there. 
'....---
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APPENDIX D 
SEDIMENTARY PETROGRAPHY 
K= Potassium Feldspar QM= Monocrystaline Quartz 
P= Sodium Feldspar QP= Polycrystaline Quartz 
SRF= Sedimentary Rock Fragments "other"= Pore space, 
Cement, Mica, 
VRF= Volcanic· Rock Fragments Organic material 
SAMPLE NO. 9-6-1 ROCK TYPE Arkose ------- ~~~~----~~~~ 
CONSTITUANTS AND PERCENTAGES: 
1. VRF 1 8. Mica 10 
2.QM 12 9. AEatite less than 1 
3.Chert 3 10.Zircon 1 
, i:; 4. p -- °' 11. EEidote. 1 
LlR 5.K -- 12.Volcanic Glass less than 1 
6. QP 2 13. 
7. Hornblende · 7· 
COMMENTS: 
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SAMPLE N0.~9~--1~2~--6'--~~~ ROCK TYPE__..A_r_k_o~s~e~~~~ 
CONSTITUANTS AND PERCENTAGES: 
1. p 27 8. Other 14 
2. K . 25 9. 
3. o:e 4 10. 
4. QM 9 12. 
5. :V:RE 8 13. 
6. Ho:i:nblende 3 
7. Mfr: a JO 
COMMENTS: 
Sub-angular to sub-rounded, moderately well sorted, 
VRF more rounded, average diameter= 175 microns, 
mica is crenulated, angular silt filling 1nterstities, 
high porosity, corrosion of feldspar and alteration 
to clay minerals 
SAMPLE N0.-'9·-~l~l~-~·2~·--~--- ROCK TYPE' .. Arkose' 
CONSTITUANTS AND PERCENTAGES 
... 
1. Hornblende 1 8. Other 16 . 
2. Mica 3 9. 
3. VRF 3 10. 
4. QM 18 11. 
5. QP 8 12 
6. K 34 13. 
7. p 23 
COMMENTS: Silt ~atrix,framework angular to sub-angular, 
average 200 microns, corroded fe~dspar and clay 
1 
SAMPLE NO. 11-11-2 ROCK TYPE_.,AA~r~k~o~s~e--~~----
·CONSTITUANTS AND PERCENTAGES: 
1. QM 24 8. SRF l 
2. QP 6 9. Other 6 
3. K 30 10. 
4. E 22 12. 
5. Hypersthene 3 13. 
6. Porosity 7 
7. lZRE J 
COMMENTS: Most grains sub-angular, up to 500 microns 
diameter, average 350 microns,·poorly sorted, 
corroded feldspar grains 
SAMPLE NO. . 9-'l 1-T . . ROCK TYPE .. Arkose 
CONSTITUANTS AND PERCENTAGES 
1. VRF 9 8. Other 3 
2. QM 11 9. 
3. QP 4 10. 
4. Chert 1 11. 
5. Mica 17 12 
6. p 21 13. 
7. K 34 
84 
COMMENTS: ·Poorly sorted, mostly angular g~ains, feldspars 
and VRF altering to clay 
I 
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SAMPLE NO. 11-11-3 ROCK TYPE Arko sic Li thic Sand· 
·CONSTITUANTS AND PERCENTAGES: 
1. p 30 8. 
2. K 18 9. 
3. QP 14 10. 
4. Chert 2 12. --
5. VRF 14 13. --
6. QM 12 
7. Other 22 
COMMENTS: Carbonate cement corroding feldspar grains 
poorly sorted, angular to sub-angular, average 
grain size= 175 microns 
SAMPLE NO.· ROCK TYPE .. 
CONSTITUANTS AND PERCENTAGES 















SAMPLE NO. CC3 ___.;,.....;;....;;.... _____ _ ROCK TYPE Basalt Clast 
CONSTITUANTS: 
1. Zeolites a. 
2. Labradorite {An 52} 9. 
3. Volcanic glass 10. 




COMMENTS: Vesicular, tr achyi tic, vesicles. have irregular 
shape with no perfered elongation, limonite partially 
filling vesicles, very fine grained with ocasonial 
phenocryst of labrad9rite,_ advanced weathering 
SAMPLE NO._C~C~l=--~~-----~- ROCK TYPE Basalt clast 
CONSTITUANTS: 
1. Plagioclase (An?} 8. 
2. Volcanic glass 9. 
3. Pyrite 10. 




COMMENTS: Trachyitic, dissolution of plagioclase and 
partial replacement with calcite, also alteration 






ROCK TYPEPebble conglomerate 
1. VBF (heayily weathered) 8. __________ _ 
2. Mollusk shelJ.. fragments 9. __________ _ 
3. Bryozoan shell frag. 10·~----~-------




COMMENTS: Sub-·rounded to sub-angular weathered volcanic 
rock fragments,. fr,agments are porphyritic with 
phenocrysts of labradorite (An 53), calcite filling 
intersticies and ve~icles, minor zeolitization 
SAMPLE N0._·~1-~~25~-~·2~·------ ROCK TYPE" Basalt ---------
CONSTITUANTS: 
1. Labradorite {An 61) 8. 
--------~--~-
2. Olivine Csubhedral) 9. 
~-----------~-
3. Augite Ceuhedral) 10. ----------------
4. ~1.· ----------




COMMENTS: ·Porphyritic w/phenocrysts of augite,olivine, 
plag. in ground mass of plag. & pyx., trachyitic 
l 
~ 
SAMPLE NO •___.l __ --=2..,..5_-.-..2 __ ROCK TYPE___.iB~a~s~a~l~t=--~~~-
· CONSTITUANTS: 







COMMENTS: Porphyritic w/phenos. of plag. averaging 420 
microns,and pigonite about 200 microns set in ground 
mass of very fine ~rained plag •. and pyx., Fe oxides 
occupying ·cracks 
SAMPLE NO •. l-2s·-·1 
CONSTI TUANTS: 















COMMENTS: Porphyritic w/phenos. of plag.(subhedral) up. 
to 1.7 mm dia. and anhedral augite up to 1 mm dia., 
trachyitic, chloritic micas and other clay alteration 
products present 
SAMPLE NO. 9-6-8 
· CONSTITUANTs: 
1. Labradorite (An 65) 
2 • Augite 





ROCK TYPE Basalt 
----~~~~~-






COMMENTS. Glo.meroporphyr i tic, phenos. of plag. up to 
650 mlcroris dia., both occilitory and transitional 
zoning in plag., ground mass consists of plag. pigonite 
and augite w/average dia. of 150 microns, plag. and 
augite partially replaced by chlotite and calcite. 
SAMPLE NO •. · ... --------
CONSTITUANTS: 
1-~~-~~~--~--~ 
2-~~~~~~---~~ 
3 • 
4. 
5·--------~~~~~--~~--~-
6·~---~------~~----
7. 
COMMENTS: 
ROCK TYPE .
8--------~~-~------
9.~--~~--~~--~--
10·--~~-------~-~ 
11. ----------
12 
--~~~-------~--
13. ----------
